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■ mm p r oc aeeee lor coating a substrate. 



w A »«03trmte is coated with a visible light sensitive 
composition comprising a free radical eddJtton porymenzaftie or 
cross linkable mater* and a photooieachabio ionic «ye<ounter 

free radicate. The composition is exposed to ttgnt to harden me 

composition, and to bleach the composition to an essentially 
coiourtese state. Also described are photohardenanie compo- 
sitions containing photobleachabie tonic dye-counter ion 
compounds as photomitiators useful In the aforesaid process 
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Description 



PHOTOHAROENABLE COMPOSmONS AND PROCESSES FOR COATING A SUBSTRATE 

5 con.am.ng l0 n,c aye complies as pno.o.n.S, These c^Z!?^ '° Dno,oc ""D, e compos-nons 

O^^^Z^t^ °ve como-exes wou.d oe 

are photobleachaole. The present inventiU m ?. ^ disclosed « <"e aforemen.,oneo EP.A-0223M* 
'5 Oescnoed in ,he sa.d Euro^^KS " " Pa " M 3 Se,ec "°" "«» ,[ 

20 compnses a photobleachapte ron.c cVe-countar inn ™„ ? ' characle "sed .n mat ,t further 

^^^^zs^F : ^^ s ^ v,s,0,e * 9h ' ano °' 

compos.tion coma.ns a pno 2£SS dvJ Vn^r" 83 '° f C ° a, ' n9 3 SUOs,ra,e ™ coa„ng 
-igm to cure me c 0 n 9 L^SS!^% C0 ^' i " ' P " 0,oi "" iat <»- «* «»<• eoanng „ exoos ° a 0 ^ 

composmdncdmpnsmg a free radical IS^S^^^i^S^T * ^ ^ Sens "' ve 
•on.c dye-coun,er ,on compound capaoie of tbSSSSdS wS^, T* 1 300 3 ono «°W«en.«, 
^ compose ,o iigh, t0 harden sa.d -^^^2^^'^^ 

i he °7 S 1 e "« ~ «• -,uded w„h,n ,n e genera, 
our U S. Pa t en, App.ica.fon Sena, No ISSZtSS^Z"™ °* "~ " ™ «»™ " 

The' « -V - onooceacnao.e 

here,n The pnoto.n.tia.or systems ^S^12^, m a,0 ' eme ""°™d apphcanons are use,!, 
'equ.remen. ,ha, ,he ,omc JJSiS " n m^S^T^T!!? ap °" ca,ions are als ° "»•»«" "ere.n w„n me 
« EP-A-0223587. a„ of .he cy™ compTes Ire ^ °' ,he aye COmo,e ' es a ' 5C1 ««> 

Some o, the more efficen, r^lodliihS e Vary '" 9 a " a Spee0 
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590 rjn Systems 
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740 nm Systems 
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^SSSSS^SiS^ r • one c, ,„e most e.c.en, co mpIe , es , 



25 




- -n(ch,\ 
Pk 3 S^-QH, 



658 nm 



»™ - Rose eenga, an, , ts 

high efficiency. ° 9 Oncluding d.^.butyiphenyi>iodon,um ,ons) are pno.ooieacnap.e w,m 

radiation such as ultraviolet radiation. ^ ^ 8 bleacned uo °" post-exposure to a oieacn.ng 
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Claims 



m«e^^ PO*™»»e or cross.-n^.e 

capaoie of absorbing visible light and oi £221 • P*>»obleach.«. ron,c dye-coun.er ,on compound 
of said composrtion 9 ° Producing free radicals to initiate polymenwt.on or crossi.nking 

3. A photohardenabte , . ^ ° ,s ■ s,a o». non-transrent compound, 

counter ion como^n- u J^" rdin9 Ctaims 1 or 2. further characterised m that said ionic 
compound. ln sawJ free radic * J addition porymenzaDte or .crosslinkaoie 

' 0,l <^ h °x£^ t0 ^ preced ^ c,aim - characterised ,n mat. 

^<°^counteriono^ f." ^'ectron ,s transferred from sa.o 

*u counter ion to said dye. the rate of said electron transfer oe.ng greater 
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tnan a diffusion controlled rate 

cJ^SS^^S^SS^ » any p.cecna c.a.n, (urt ner cna.censeo ,„ :na, sa.o 
s e feaer 0 r~ <° CUim 5. ^ cna.censeo sa,o an.on-c dye 1S 

8. A ohotoharaenaDle composZ TcZZa Z a2 7 , ' '" an,0nicd ^y r V'"^'oncomp l e». 

SP™^^^ — — — * 

R\ H». R3 andR* i S an alkyt group 9 ^ 1 °' ' Urmer cna ^ten Se a ,n ,n a , at least one of 

XtES^SZ^'^ ^ "■ '""—tense* ,n tna, R 1 . R , ana R 3 are 

^set"^ compomon Kcor ^ *° aaim ,o - a-™™ ,„ dye „ 

• iASSE?™" C ° m00Si,i0n aCe ° rtin9 '° Cttim ^ ^censed « ««. sa.o ca„on,c eye 
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0C N )^^^(^^O 590 m System 



740 nm Systems 




658 nm 
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Use of cocoounds of the foraula I, 

RG-A-IN ' 

\ i ) 

t 

shotoini:iac or bas j c structure ^Q)~ C ~ 



where 



> s 



2T- 



-CH 3 rS 5 or 



I. 
V 



'1 



-?(R°). 



• s Cj.^-alkyl, halogen or the SG-A- group. 



or two R radicals in ^e ortho oositi 



on 



... /2 
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-2- 



0 



R 



to the carbonyl group together are 
a I t e mac i vel y -S -, 
is H, halogen, C 1 _ 12 -a 1 K Y or c 1 - 1 2 ~ a L k 0 x * or 
Che RG-A- group. 



5 4 

8 ' * n each case independently of one another 

are H, Cj.^-alkyl, C - . 12 -a I k eny l, C-_ 12 - 
alkoxy or phenyl, or together are C 2 - 0 - 
a I ky I ene, 

5 OR 7 , S (R 7 ) / \ 1 V 

*l ;« )2 ' \J' "^- 5 '- H W° or S0 2 * 7 , 

R is Ci- 0 -alkyL, C 1 -a I k anoy I , phenyl or benzoyl, 
eacn of which is optionally substituted 
by halogen, C^-^-aikyi or C ^ - 0 -a I k o x y , 
R 7 is H, Cj. 6 -aUyl or C «_ 6 - a I k anoy I , 
is a spacer croup ZC (CH 2 ) 0 Y 3 n -C ( CH 2 ) n X } ^ 
where 

X, Y and Z, in each case i ndependen t I y . o f one 

another, are a single bend -0-, -S-, -NH-, 
-CO-, -C00-, -C0NH-, -0-C0-, -NH-CO- or 
-NH-C00-, 
I and a are the numbers " to 
n and o are the numbers 0 to i 

is one of the functional reactive groups H0-, HS-, 
H 2 N-, halogen, H0-C0-, H 2 N-C0-, 0=C=N-, S=C=N-, N3-, 
SO3H, S0 2 CI; R c R b C=CR a - where R a , R b and R c are in 
each case H or CH3, and with the proviso that : is 
not -COO- when n is 0 and R S is OR 7 ; RG is 
furthermore halogen, cyclopropyl , oxiranyl, 
0=c=N-R d where R d is C j_ 6 -al kylene or phenylene, 
H 2~*{^)-' < R e > 3S i where R e is halogen, Cj-^-alkyl, 
c 1-1c" aUo3( y 0P c 1-12-alkanoy loxy 
as coreactive pho to i n i t i a tor s for pho topol ymer i za t i on of 
systems containing e thylen i cal ly unsaturated coopounds. 

Use of the conoounds of the general foraula I 
iccording to Claio 1 together with known pho to in i t i a tor s 
and/or sensitizers. 
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-ii-,- Pr ° CeSS f0r ohol o°ot y0 eri ia :ion of sysceas con- 
^ ' eeh y i„ ieaUy unsatura:ed eoaoound$ , characterized 

a cor!! V- te3St COe,Dound « f , is add.d as 

3er,:eG &ef ° re ini "-««on of t , e phc«ocol y «,rir«io«. 



compounds of the foroula I 

O x ' 

'< e * one 



•--^--,,>an ylfl eth 0xy)ethoiy3ohenyl 2 . hydroxy _ 2 _ 3rooy ( 

o-;:/;i;:;: hoxysuyioroD °- ) - h ----^ 2 -, ydr .. y - 2 - 

;tr ,d ° eth0,y)Dhenyl 2-*"r,, y - 2 - 8rooyl ketone 
* 'Uytoxypnenyt 2-nydr O xy- 2 - 0ro?y t keton „ 

*;: , ; ,fl : i,mo,m "^ *-, y o., y - 2 - Br0Byl ketone 

^-ttne th o lysiln)Droooxy]Dhenn 2-hy d roxy-2- or0 py l 

^^-(3- t r-:etho,y S Uy l p rooylthio)ethyU:;he 2 - nydroxy _ 2 _ 
orooyl ketone y 

*-<Z-chlor..th., y > Bn .„ yl ( 2 -hydroxy - 2 - 0 rooy t , k9t0 „ o 

^-(ox, r any la e th oxycaroony la e th oxy)o h en yl 2-nyc r oxy- 2 '- orooy t 

^-ox.ranyt^thoxyphen.c a- , SO p r 0 po x y ben ; v L , econe 
'-^-(tr.ethoxysi^uoropoxy^nenyt a- i s 0 p r opo xy ben cy t 

^-oxiranyl.ethoxyphenyl a,a-d ioe thoxyben Zy I ketone 

4 - Cj - <e( -*»»««Marl)orooo.rloh.nrl-«,«-di..tl.oxyb.nryl 

ketone 7 

C-C2- is ocy a natoethoxy, onenyl 2 - hydroxy _ 2 _ DrCDyl 

-C 2 -.so th ,ocyanatee tri oxy, Dh eny l 2 -h ydro , y- 2 - or 00 y I keton- 
t - ( *-"'ydro«y-2- atthylaropionyl)ohenosyjcetaa . dt 

4-( 2 -r, y droxy-2- fl ethy l p r0 oionyOohenoxyaceto h ydra ;i de 
.V-Cw-( 2 -„ y droxv- 2 - ae . hyloroojonyUohen0]tyacetyij _ 

hydroKylaaine 

J .--[4- ( 2-h y dro„- 2 - n e t h y lp ropionyl)phenoxyacetyl]N ._ 

acryioyl hydrazine 

«-i-ocy.„.eo».thox y ph. ny i 2-h ydroxy . 2 . prcpyl ketoM 
*x»7l ^(Z-^/droxy-^thylpropionyl, pbenosyactate 
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2- ( 2-hydroxyethylthio) thioxanthone 
2-{ 2-ajrunoethylthio) thioxanthone 
2-(2-(acryloyloxy) etbylthioj thioxanthone 

1- (2-{acryloylajnino) ethylthio] thioxanthone 

2- {2-(ailyloxy) ethylthio] thioxanthone 



2-[2-{ x alIylairJ.no) ethylthio] thioxanthone 
2- ( 2-(6.isocyanatohexylaminocarbon y loxy, ethoxy] thioxanthone 

2-(oxiranyln»thoxy) thioxanthone 
2-{3-(triethoxysilyl> propoxy) thioxanthone 
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Complete Specification for the invention entitled co*c.«ctv\j€: 
PHOTO INITIATORS. 

The following statement is a full description of this invention 
including the best method of performing it known to me:- 
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The invention relates :o coreactive ohotoiritiarors 
K.r rhocooolyoer irat ion of systems containing ethylenically 
u (saturated compounds. 

Pho toe hem i c a I I y induced polymerization reactions 

5 rive taVen on great importance in industry, in particular 
when rapid hardening of thin layers is important, such as, 
for example, on hardening of paint and resin coatings on 
paper, metal and plastic, or on drying of printing inks, 
since these processes are distinguished compared to con- 

10 ventional methods of printing and ryating objects through 
c saving in raw materials and energy and less environ- 
n it.-l pollution. However, the preparation of polymer 
materials per se through polymerization of appropriate 
unsaturated monoraeric starting materials is also frequently 

15 cjrried out pho toe hem i c al I y , it being possible to use con- 
ventional processes such as solution and emulsion 
: olymerization. 

Since, in the reactions mentioned, none of the 
-eactants is generally capable of absorbing the photo- 

20 cnemically active radiation to an adequate extent, it is 
necessary to add so-called pho t o i n i t i a t or s which are 
capable of either absorbing incident high-energy radia- 
tion, usually UV light, to form active starter radicals, 
wh^ch theoselves initiate the pho toool yner i za t ion, or of 

25 transferring the absorbed energy to one of the polyoeri- 
rable reactants for free-radical foraation. The initia- 
ls do not normally participate in the actual polyoer- 
; rat ion react ion. 

The major initiators which have hitherto been 

30 .lov-d for pho t oool yme r i z a t i on of unsaturated compounds 

.r* Lenzophenone derivatives, benzoin ethers, benzil 
■<e:j\s„ d ibenzosuberone derivatives, an th raqu i nones , 
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lanchones, t h i o t an t hone s , a -h 3 1 o ac e too ft enone derivatives, 
^aUoxyacetoohenones and hydroxyal kyl ohenones . 

As is known, however, the industrial applicability 
or -.any of the substances mentioned is liaited, in soae 
cjsj-s considerably, by a nuaber of disadvantages. These 
-.ic'-de, in particular, a frequently uns a t i s f ac tory 
reactivity in the ability to initiate pho toool yaer i z a t ion 
of ethylenically unsatura d compounds. Besides molecule- 
^oecific reactivity, the solubility or the ability of the 
ohotoinitiators to be incorporated as hooooeneousl y as 
cossible into the pho topolymer i 2 abi e systems frequently 
nays a crucial role here. 

Further problems are the dark-storage stability of 
the systems to which pho to i n i t i a tor s have been added and 
the possible influencing of the final product by radicals 
or degradation products of the photo in i t i a tor . Such radi- 
os can lead to a more or less pronounced effect on the 
o-oduct's properties, depending on the nature and quantity. 
:i ohotopolyner ized paint coatings, the najor area of 
application for pho to in i t ia tors, for example, such radicals 
can affect the final achievable hardness of the coating; in 
addition, undesired colour changes, for example yellowing, 
can occur, often only after a relatively long time. Ini- 
tiator radicals or degradation products chereof can become 
noticeable due to an unpleasant odour as a consequence of 
their aore or less pronounced volatility; their diffusion 
from the coating into the surrounding media can cause 
problems, for example in packaging materials which are pro- 
vided with pho topol ymer i zed ratings, such as, for example, 
cans and tubes for foods. It is precisely in this area of 
aoolication that the question of applicability is defini- 
t-vely determined by the possible or proven toxicity of 
? ohotoini t iators and the degradation products thereof. 
A particular problem, above all with respect to 
35 bread application of photo in i t iators, is that they can, 
n .-rjiiy, only be employed in systems which essentially 
c. ^ > 1 components having olefinic double bonds which can 
be ;olyneri;?d by means of free radicals. 



25 



30 
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rheraocur jbl» systens based exclusively on o o I y - 
3^c i : ion or ooly condensation reactions wh.cn are not i n - 
cuced by free r j d i c a l s canno; be converted into radiation- 
curjote systems by adding free r ad i c a t - f o r a i ng photoinitia- 
5 tors. Accordingly, the choice of naterials for components 
f o .• -adiat ion-curable systems is limited, .1 a n y material- 
s-ec ; f:c orooerties of chermocjrable systens cannot or 
:or.not yet be used in radiation-curable systems without 
rurther action. One alternative here is provided by so- 
10 called hybrid binder systems, in which thermocurabl e and 
j ho t o c h en i c a I I y curable components are combined and in 
which the thermal and photochemical reactions can take 
place simultaneously or successively. However, compati- 
bility problems, in particular with respect to the photo- 
'5 initiators to be employed frequently arise during devel- 
opment of such systems. Thus there continued to be a par- 
ticular demand amongst experts for pho t o i n i t i a tor s which, 
besides excellent initiator properties and good dark 
storage stability of the systems to which they have been 
20 ac 1 Jed, also have a broad applicability, even in systems 
-Mth o complex composition, and which can themselves, or 
their photolysis products, be bound in such systems in a 
• : grat ion-res is tant manner. 

Individual steps in this direction have already 
25 : 'en taken. Thus, for example, German Of f enl egungsschr i f t 

i, 534,645 and European Of f enl egungs schr i f t 161,463 describe 
oho to i n i t i a tor s of the hydroxy al ky I phenone type which 
carry specifically olefinically unsaturated sub s t i tuen t s . 
These initiators or their photolysis products can be bound 
30 into the polymer composition by copolymer i zat ion with the 
components of the radiation-curable system. They can 
alternatively initially be thermally polymerized them- 
selves and then, as polymeric and as migration-resistant 
ohoto in i t iators, introduced into the radiation-curable 
35 :. ystea. However, these specific copol ymer i sable or 

ooly r -ric o h o t o i n i t i a t o r s have an only limited range of 
a o o \ cations. 

The invention thus had the object of finding and 
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arov.din, oh o t o i n i t i a t o r s wh.ch, if ooss.ble, should be 
structured so chat, besides the ability to initiate 
ootyneri^tion of ethyl en ically unsaurat-d co*oounds by 
neans of the action ef radiation, they also have the 
.--oc?r:y of r-acting «ith any desired comoonents of 
rjdiat.on-curable system, irrespective of whether these 
„articioate in the photopol y*er i :at ion reaction or not, 
with the aim of stable binding into the resultant oolyner 
coopos i t i on . 

It has now been found that this is achieved in an 
--tceUenc fashion by co-pounds of the general formula I 

(I) 

O 




in which 

TnYs a photo in i t iator basic structure 
where 



R 2 O 
R i s -< -> . -CR 3 RV or 4(R 6 ) 2 , 



and 
1 



R 1 



R 



R 



R 



is H , C^TZ-aUyU halogen or the RG-A- grouo, 
or two R 1 radicals in the ortho position 
to the carbonyl group together are 
al terna t i vely -S-, 
2 is H, halogen, C M2 -aUyl or C^^-alkoxy or 

the RG-A- gmup, 
5 , R 4 in each case independently of one another 
are H, C^u-alkyl, C ,-^-alktnyl, C 1-1Z" 
alkoxy or phenyl, or together are C 2 . 6 - 
alkylene, 

is OR 7 . N(R 7 ) 2 . - N 0°° r S ° 2R7 ' 

is C^-alkyl, C^-alkanoyl, phenyl or benzoyl, 
each of which is optionally substituted 
by halogen, C,_ 6 -alkyl or Cl _ 6 -atko*y, 
7 is H , C,. 6 -alkyl or. C ,- 6 -3lkanoyl , 



R 5 
R 6 
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i; a sodcer grouo t C ( CH 2 > 0 r J n -C ( C H 2 > a X ] L 
w 1*» ■? r *? 

x , y jnd I , in each cose incieoendently of one 

onotner, are a single bond, -0-, -S-, -NH-, 
-CO-, -C00-, -CONH-, -0-C0-, -NH-CO- or 
-MH-COO-, 
I jnd a are the numbers 1 to 
n and o are Che numbers 0 Co t 

is one of Che functional reac t i ve grouoi H0-, HS-, 
H 2 ,N - , halogen, HO-CO-, H 2 N-CO-, 0=C=N-, S = C = N-, N3-, 
SO3H, S0 2 CI; R c R b C=CR a - where ft a , R b and R c are in 
each case H or CH3, and with the proviso that I is 
not -COO- when n is 0 and R ^ is OR 7 ; RG is 
furthermore halogen, cycloprooyl, oxiranyl, 
0 = c=N-R d where R d is C j _ Q -a I ky I ene or phenylene, 
N 2 *— (^T <* e >3S i where R e is halogen, Ci- 12 -alkyl, 
C 1 _ 1 2-alkoxy or C j _ j 2 -a I kanoy I oxy . 
Some of the compounds of the foraula I are new. 
These are highly reactive pho t o i n i t i a to r s which, irres- 
pective of their photoreac t i v i ty, can enter into non- 
photocheo ical ly induced ( co ) reac t ions and are therefore to 
be called coreactive pho to i n i t i a tor s . 

In the context of the invention, coreactions are to 
be understood as all reactions which the pho t o i n i t i a tor s or 
the photolysis products thereof enter into with components 
of radiation-curable systems, with themselves or alterna- 
tively with the substrate to which these or an appropriate 
radiation-curable system is applied as a paint or coating, 
and which cause fixed-location bonding of the pho to in 1 1 1 a t- 
ors or the degradation products thereof. These coreactions 
are primarily reactions in which covalent chenical bonds 
are made. However, reactions are also possible in which the 
firing action :s based on other interactions, such as, for 

exaaple, ionic or polar interactions. ^ 

The particular advantage of the compounds according 
tc the invention over conventional photo in i t ia tor s arises 
f-oa the oresence of the reactive RG group, which is linked 
.2 the spacer group A and which, in addition to specific S 
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j:.c:or?ac:ivi:v, gives these ronoounds the oooorrunity cf 
un ' ,, ''? oin '9 nrn-^ocochea-cat reactions, [hevari?:/ of 
* •: ; . v e ? r :u: s JUows custom matching to a very wide 
j- : > or jsoI ick ions . The coreacrion can rake place, 
jendencly 0 f the actual oho tor eac : ion before, during c 
- f : e r the tatter. 

Surarijinqly, this leads to an unexpectedly large 
*t; - of incorporation of the unreacted pho to i n i r i a t o r s 
^. jhc co in i t i a t or degradation products into the oolyoer 
product which is finally obtained. This very effectively 
allows undesired influences on the properties of tne final 
product to be reduced or entirely eliminated. 

In addition, fixing of pho t o i n i t i a tors directly to 
the substrate or in the form of a coating of oligomeric, 
solyaerit or copolymer i zed pho to i n i t i a tors offers better 
anchoring of photopolymerizable coatings applied to the 
at er to the substrate or better coating hardening due 
o initiator concentrations which are particularly high 
Morally, in this application, in particular, interesting 
effects and new properties can be achieved. 

Many compounds of the formula I are, in addition, 
valuable synthesis intermediates on the route to further 
*unc t ional i zed pho to i n i t i a tor s or radiation-reactive 
systems having a covalently bound pho to in i t i a to r . 

The invention thus relates to the use of the coo- 
rounds of the formula I as coreactive pho to i n i t i a t or s for 
ohotopolymer i za t ion of systems containing ethylenically 
unsaturated compounds, in particular in the radiation 
curing of coatings having UV-curable paint and binder 
svsteos, above all also hybrid binder systems. 

The invention also relates to compounds of the 
or-nula I per se, so long as they are new. 

The invention furtheraore relates to a process for 
. w .c topol yvae r i zat ion of systems containing ethylenically 
• .^saturated compounds, at least one compound of the for- 
- • 1 1 a I being added as a coreactive photoinitiator to the 
*:ure before initiation of the pho t opo I yme r i z a t i on . 
In addition, the invention relates to photo- 
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:iy-Tier i;able systeas containing at least one ethylenically 
.n r.wrated, ohotoool ymer • ; jbl? coccound and, if appro- 
Driace, further Vncvn and conventional additives, the 
;ystns containing at least one couoound of the for aula I 
5 - - -> ; o reactive ohoto initiator. 

finally, tne invention relates to the use of 
;ct :-unds of the formula I :z synthesis interaediates in 
rre -e pa rat ion of further-functional ized photoinitiators 
znd of radiation-reactive sy;t«as having a covalently bound 
10 * t nitiator. 

The coopounds of the formula I are structurally 
derivec froo known photoinitiators. In the foroula I, IN 
ir any photoinitiator structure, which is linked to a 
functional reactive group R5 via a spacer group A, which 
15 can, in principle, likewise be any spacer group. 

In the coopounds of the for aula I, photoinitiator 
properties of structural part IN are thus coobined with the 
n -n-pho toe he« i cal I y induced reactivity i-e. coreac t i v i ty , 
of structural part RG. 



i t 



IN is essentially the aroaatic ketone structural 
0 



is present in virtually all classical photoinitiators, 
but can alternatively be any other structures having 
25 photoinitiator properties. 

If, in the aroaatic ketone structural unit R is an 
optionally subst i tuted< £heny I r ingT^ the result is 

otoinitiators of the bentophe none senes. If, in this 
. e, two R 1 radicals which are ortho to the carbonyl grouo 
30 t ~her foro a psul f ur br i dg jtlKfr t w e e n the phenyl rings, 
result is thioxanthone photo init i**^*»*- Coreactive 
t oxanthone derivatives are particularly preferred 
ohotr : .n i t iators in th e co jit ext of the invention. 

If R is the (rCR^R 4 R g rouot>with the aboveaent ioned 
definitions for R 3 , R^and R" 3 , the result is the photo- 
ir - iator bas i : structures of benzoin and acyloin ethers. 
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I "t-t.»l: jnd c* i a I '«. otyace rophenones , h y dro»yalVyl - 



j .". t,M o n •? $ and j iTt * noalVy lg ftgnores, and a - sul - onyl'<et ones. 

Coreic: ive hydroxyolVylohenone derivatives are 
• « ; s -? dk: icuUrl / preferred o h o t c initiators in the 
. - . . a , • of : e invenr ioo , 



If 3 is c*e\-?(R >2 group-/ the resulting photo- 
ators belong t o the class of the acylphosphine oxides. 



The Jcacer gro-jj-T I inking the pho to i n i t i a to r basic 
10 : u re I H to che reactive functional group RG orefer- 

->as the structure I C ( C H 2 ) 0 T 3 n -C ( CH 2 ) „X 3 ^. 

In the siaplest case, when X, Y and Z are each a 
.ingle oond, the spacer group is an alkylene bridge , 
preferably havins 1 to 3 carbon atoms. Such an alkylene 
.5 :.-ouo can also be linked to the aromatic ring of the 

c^.otoini t iator basic strucfr- via a heteroatoa when X is 
-V- . -S- or -NH-. 

However, the alkylene bridge may also be inter- 
. tec by one or Bore heteroatoas, which is the case when 
20 is -0-, -S- or -NH-. Jjjfgmmfirtp^ nf tho a lkylen e 

.-idge b/ carbonyl, carboxyl, carboxaaide or ure than e 
■roups are also possible. Thus, for example, one or aore 
3xy- # thio- or 3Q inoalkylene groups, preferably oxyethylene 
ar.d c h i o e t h y I n e can function as spacers. Mixed hetero- 
25 alkylene bridges, in particular those containing oxygen 
and sulfur as heteroatoas are likewise possible. Depend- 
ing on the cheaical nature of the functional reactive 
group RG, the latter is linked to the spacer group in 
accordance with the definitions where Z is a single bond, 
30 -0-, -HH- or a carboxyl group or a derivative 

i ereof such as a carboxaaide or ure thane group. 

Suitable freact ive groups RGj are all functional 
-uos which are easily able to enter non-pho tocheo i cal jjr 
. ,-ducgd reactions.. The aim of each such reaction is to 
3 C o-nd the pho to i n i t i a tor or photolysis products thereof 
-co the systea at a fixed location. Such reactions can 
ze, for exaaole, nucleophilic substitutions by or con- 
. sely on the RG group such as, for exaople. 
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v i *-?r i f icat ion, e t ! Verification or aaidation. 9 e s i d <? s 
j^en, such 3$ y in particular, c.ilor in* jnd broa ine 
. ri^i-? 3 G grou:s are, above j II , .V/drox/l, thiol, cjr- 
r ; and sul fonyl grouos and the eauivalenes thereof. 

ce, jojrr froo nalogens^ these functional grouos con- 
: . acidic H atotns, they are also able to react with 
-.30cy<jnate grouos f r o « the system to fo..T urethanes or 
: - -? : h ^ n e analogues. Conversely, :.*?e isocyanate crauo fs ij 
: j z<sr z icuLarLy preferred RG group since »t car? very 

" ly be reacted with components of the systeo which 
- : t a i n functional grouos having acidic H atoos. 

Preferred reactive RG grouos are likewise those 
* h i ; h are able to undergo thermally initiated free-radical 
•:r ionic oo I yme r i z a t i on, oolyaddition or ooly condensa t ion 
•?* :tions. These include the vinyl group and the aono- or 
-ol yme thyl a ted analogues thereof, and the cycloorooyl and 

i- -i y I groups, [socyanate-funct ional ;:ed C<_ 0 -alkyl 
roues or ohenyl groups are examples of groups which are 
.ao able of oolyaddition. Insertion reactions into any 
d?s:red components of the system can be accomplished by 
generating carbenes or free radicals, for example by oeans 
o'- the aiide group as the reactive RG group. For covalent 
rending, the typical reactions of the diazoniua group are 
also suitable. Besides polysiloxane formation, the silyl 
jrouo offers, in particular, the possibility of covalent 
linking to the substrate, especially when the latter is of 
an inorganic nature such as, for example, glass, ceramic 
or metal. In accordance with the definitions given for the 
ohotoini ti a tor basic structure IN, the spacer A and the 
•active RG group, numerous coreactive photo in i t ia tors 
ing properties which are customizea for a very wide 
jr'ety of apolications and purposes can be achieved 
through combination. 

The compounds of the general formula I can be 
-r-oared by standard methods of organic chemistry. The 

ictions conditions here can be taken from standard works 
n or-jarative organic chemistry, for exaaole, HOUSE N-VcYL, 
-<? 1 ; len der organischen Chemie, CKethods of Organic 
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e i s :.-■/] , S o o r g - r h i e a e V e r I a g , Sruitgar;, or ORGAN [ C 
- J .eSiS^ wil?y^ New r 0 r'< London Sydney. 

I: :s generally favourable ro 3f?oar? the ohoco- 
• r-ators according to the invent ion, or the precursors 

orover synthetic aethods, as are cocttaon for the 
\ r 3 v c.^ioto initiators. 

In this sreparat ion it is advantageous to proceed 
directly from the known photo in i t i a tors as starting ma- 
:e- ; Hs and to link the spacer group A and the reactive 
c. jo 3 G to these in one or more steps using common r e - 
2c:i-ns, such as substitution reactions. However, pre- 
cursors of known pho to in i t iators which are already suit- 
substituted can also be used and the actual photo- 
:iar ° r active structure be generated in these only 
when cne spacer and reactive groups are already present. 

The compounds of the general formula I can be used 
according to the invention as pho to i n i t iators for photo- 
rol/ner izat ion of ethylenically unsaturated compounds or 
:r curing pho tooo I y user i 2 ab I e systems which contain such 
oarcounds, -md, in particular, also as UV hardeners for 
oa t coatings, UV-curable binder and hybrid binder 
's;ems, printing inks and in radiation curing of aqueous 
-epolyaer dispersions. This use takes place in a conven- 
rtonal fashion. The compounds to be used according to the 
nvention are generally added to the systems to be poly- 
er:zed in amounts from 0.1 to ZQZ by weight, preferably 
3. 5 to 12S by weight. 

This addition generally takes place by simple 
dissalving and stirring in since most of the photo- 
initiators to be used according to the invention are 
liquid or at least readily soluble in the systems to be 
oolyaerized. A system to be polymerized is taken to mean 

■s-xture of nor.o- or po I y f unc t i ona I ethylenically un- 
saturated monomers, oligomers, prepolymers, or polymers, 
or cixtures of these oligomers, prepolymers and polymers 
vitr unsaturated monomers, which can be initiated by free 
teals, it being possible for the mixture to contain, 
; -ecessary or desired, further additives, such as, for 
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- U10 ^ / an: iox idants, I ighc stabilizers, colorants and 
■-**--ents, but Jlso further known ohoto in i c iators and re- 
-3:: :r. accelerators. Suitable unsaturated compounds are 
j i those wnose C=C double bonds are activated by, for 
."t.- i e , halogen atoms, carbonyl, cyano, carboxyl, ester, 

ether or aryl groups or by conjugated further double 
:r triple bonds. Examples of such compounds ai e vinyl 
chloride, vinylidene chloride, acrylonitrile, aethacrylo- 
fc rile, acrylaraide, me thacry I an ide, methyl, ethyl, n- or 
ce butyl, cyclohexyl, 2-e thy I he xy I , benzyl, phenoxy- 
et.V', hydroxyethyl, hydro*, propyl , lower alkoxy ethyl, 
3rd : ? trahydrof urfuryl acrylate or me th ac ry I a te, vinyl 
acetate, propionate, acrylate and succinate, N-vinyl 
oyrrol idone, N-vinylcarbarole styrene, d i v inylbenzene, 
sutidtuted styrenes and mixtures of unsaturated compounds 
oi .hese types. Polyunsaturated compounds, such as, for 
example, ethylene diacrylate, 1 , 6-he x aned i ol diacrylate, 
v-oooxylated bisphenol A diacrylate and diaethacrylate, 
r -,0* thy tolpropane diacrylate and pen t ae ry thr ; tol tri- 
20 ecr'late, can also be polymerized with the pho to in i t i a tor s 
used according to the invention. Suitable photopolyaer- 
wable compounds are, in addition, unsaturated oligomers, 
orepolymers or polymers, and mixtures thereof, with un- 
saturated monomers. These include, for example, unsatura- 
<:5 ted polyesters, unsaturated acrylic materials, epoxy ma- 
terials, urethanes, silicones, am inopol y am ide resins and, 
particularly, acrylated resins, such as acrylated silicone 
?il, acrylated polyesters, acrylated urethanes, acrylated 
Tolyamides, acrylated soybean oil, acrylated epoxy resin 
^0 id acrylated acrylic resin, expediently in a mixture with 
if or more acrylates of a mono-, di- or polyalcohol. 

The pho topol ymer i zabl e compounds or systems can 
i>? stabilized without thereby appreciably impairing the 

-itiator action of the photoinitiators according to the 
ir ention by adding known thermal inhibitors and anti- 
oxidants such as, for example, hydroquinone or hydroquinone 

i vat i ves , oyrogallol, t h iophenol s , nitro compounds, 
*>-- :-h t h y l am ines or 8-naphthols, in conventional amounts. 
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S ■ ■. c h iddi t ions jre intended, above all, to or event ore- 

aa'.ure oolycter i : j ; ion during production of the s y s t e o s 

t'ro'i ;h mixing of the comoonents. 

In Jddicion, small amounts of ligh: stabilizers 
j:* js, for -Mjciole, benzophenone- derivatives, benzo- 

..-ij ole derivatives, tetraalkyloiperidines or phenyl 

sali / I i t e s , can be added. 

I n order to exclude the inhibiting action of 
atmospheric oxygen, oar at f i c\ or similar waxy substances 
art *.-equently also added to photopolymerizable systems. 
As 3 consequence of poor solubility in pclyaers, these 
flo^t at the beginning of the polymerization and forn a 
f - - OJrent surface layer which prevents entry of air. It 
i so possible to deactivate the atoospheric oxygen, for 

tk.:' ? by introducing au too x i d i z able groups, such as, for 
•»xaarle allyl groups, into the systea to be cured. 

The ohotoini t iators according to the invention 
can also be used in coabi nation with known free-radical 
if itiators such as, for example, peroxides, hydroper- 

-id?s, ketone peroxides or pe re a rboxy I a tes . In addition, 
they can contain pigments or dyes, as are custooary, for 
example, in pho t oc heo i c a 1 1 y curing printing inks. In this 
case, the amount of photo in i t i a tor is chosen to be higher, 
fcr example 6 to 12X by weight, whereas 0.1 to 52 by 
le-'g'it are fully sufficient in most cases for colourless 
phot oool ymer i z abl e products. Oepending on the intended 
application, fillers, such as talc, gypsuo or silica, 
fiores, organic additives, such as thixotropic agents, 
l-velling agents, binders, lubricants, flatting agents, 
:last ic iters, wetting agents, silicones for iaproving the 
surface quality, antifloating agents or ninor anounts of 

olvents can be added. 

Suitable known pho to i n i t ia tor s which can be used, 

f iporopr iate, together with the initiators according to 
:e invention, are, for example, benzophenones , such as, 
•or example, Michler's ketone C 4 , 4 • -b i s ( d ime t hy I am i no ) - 
be'Toohe-'on-l, 4,4 , -bis(diethylaoino)benzophenone, o- 

. -e lylao i nob en zophenone , p-c h I oroben zophenone and 
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3<?"i-oonenon?; anthraau inones, such as, for etamole, 
lp'-racuinone, 2-chloroanchraqu inone and 2-alkyl anthra- 
iv j res; tanthones, such as, for example 2-halo<an;hones 
o r 2---. kylxanthones; chioxanchones, such as 2-chlorothio- 
5 .:.i;hon? and 2-alkylthioxanthones; acr idanones, such as, 

for example, 2-aUylacr tdanones or N-substicuted a c r i d a - 
n o r * *j ; ben:o ins, such as, for example, p-dimethylamino- 
be:jin and alkyl ethers of benzoin; benzil ketals, a- 
ha oketones, d ; a I ko x y a c e t ooh enone s , a-hydro x y a I k y L phenone s 
iC and a-ara i noa I ky I phenones , as described, for example, in 
German Of f enl egungsschr i f t 2,722,264 and European Offen- 
legungss c h r i f t 3,002, and furthermore, for exaople, 
fluorenones, dibenzosuberones, oh en an threnequ i nones and 
Serroates, such as, for example, hydroxypropy i benzoate 
15 and benzoyl benzoate acrylate. Mixtures with known ini- 
ti:--crs generally contain the coreactive pho to i n i t i a to r s 
to ;? used according to the invention in proportions of 
it least 10S by weight, advantageously from 50 to 952 by 
weight relative to the total amount of the initiator 
20 fixture employed. 

Besides the pho t o i n i t i a tor s according to the 
invention, it is advantageous to employ reaction acceler- 
ators in the pho topol yme r i z abl e systems. Examples of such 
coocounds which can be added ar« organic amines, phos- 
25 ohines, alcohols and/or thiols all of which have at least 
one CH group in the a position to the heteroatoo. For 
exaople, prioary, secondary and tertiary aliphatic, aro- 
matic, araliphatic or heterocyclic amines, as described, 
for exaople, in U.S. Patent 3,759,807, are suitable. 
30 -Ixaoples of such asines are butylaoine, d ibuty I ao ine , tri- 
utylaoine, cyclohexy I an i ne, benzyld ioethylaoine, dicyclo- 
hetyl amine, triethanolaoine, N-oethyldiethanolaaine, 

w . -?nyldiethanolaaine, piperidine, piperazine, oorpholine, 
pyridine, quinoline, ethyl p-d i me t hy I at i noben zoa t e , butyl 
3T --diaethylaaino benzoate, 4 , 4 • -b i s ( d i oe thy I ao i no ) - 

ncoohencue (Michler's ketone) or 4 , 4 • -b i s ( d i e t hy I am i no ) - 
: - iroohenon-? . Particular preference is given to tertiary 
vnes :uch as, for example, t r ime t hyl an ine, t r i i sopropyl - 

\ 
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k. 1 e , tribu;yl jaiine, octyldinethylaraine, dodec/ldiaethyl- 
j r.~ , ;r icUanoUfline, N-methyldi e thanolaoi i n e , N-butyl- 
^ : - -hanol aaifte, tris(hydro*yprocyl)afnine, and a I k y I 
d ; -r<?: yt3in;no benroate. Further exaapies of suitable r e a c - 
5 ti:- jccelerjtors are trialkyl phosphines, secondary alco- 
hol Jnd r^iols. The addition of reaction accelerators of 
riiese ryoes can take place in aaounts which are conven- 
t i ana I for them. 

Photopolymerizable systems which additionally 
1C coc ain a tertiary organic aaine as reaction accelerator 
rep-sent a particularly preferred form of the present 
invent. : o n . 

The term "photooolyraerization of ethylenically 
unsaturated compounds'* should be understood in the broadest 
*5 ,e- *e. It also includes, for example, further polymeriz- 
ition or crosslinking of polymeric materials, such as 
-rocLycers, the homo-, co- and terpolyaer i za t ion of simple 
oroaers and also the combination of the types of reaction 
■ en t i oned . 

20 The pho topolymer i zat ion can be initiated through 

the action of high-energy irradiation, preferably UV light, 
on the photopolymerizable systems, containing coreactive 
ohoto in i t i a tors according to the invention. The photopoly- 
-eriration takes place by methods which are known per se, 
25 through irradiation with light or UV irradiation in the 
^a/elength range from 250 to 500 nm, preferably 300- 
-00 nm. Irradiation sources which may be used are sunlight 
or artificial-light lamps. Mercury high-pressure, aedium- 
oressure or low-pressure lamps and xenon and tungsten 
30 ^aaos, for example, are advantageous. 

The photopolymer i zat ion using the pho to i n i t ia tor s 
ccording to the invention can be carried out either 
-^c.hwise or continuously. The duration of irradiation 
tie^^nds on the way in which the pho topolymer i zat ion is 
j.ried out, on the type and quantity of pol ymer i zable 
-aterials employed, on the type and concentration of 
- -oto in i t i a tc -s used, and on the intensity of the light 
u.-c* and can be in the range from several seconds to 
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-:nutes, such a<, for example, on irradiation curing of 

ings, b»:c :noy also be in the hours region in the case 

i j'ne batches such as, for example, in bulk po I y a e r i : a : i o n . 
The compounds of the formula I according to :he 

■ -ivvnt ion are orefcrably used as photo initiators in UV cur- 

of thin coatings such as, for e*amole, paint coatings, 
c- all materials and substrates which are conventional for 

t- is. *hese can primarily be paper, wood, textile sub- 
strates, plastic and metal. An important area of applica- 
tion is also the drying or hardening of printing inks and 
screen printing materials, of which the Latter are prefer- 
aol -uployed in surface coating or shaping of, for ex- 
c.iple, cans, tubes and metal sealing caps. As a consequence 
of he substantial to complete absence of free initiator 

ac .als after pho t opol yme r i z a t ion has taken place in sys- 
tems to which coreactive pho to in i t i a tor s according to the 
invention have been added, the systems are particularly 
suitable :n areas of application where diffusion of such 
radicals into media surrounding the corresponding final 
products is to be excluded, for example when packaging 
which is orovided with pho topolyaer i zed coatings cooes into 
contact with foodstuffs. 

The essential classes of the coreactive photo- 
initiators according to the invention, typical represen- 
tatives and the preparation and preferred manner of use 
thereof are shown below. 



Compounds of the subforaula II 
RC-A O 



having the aboveoent toned meanings for the particular sub- 
s:ituents essentially represent the particularly preferred 
^reactive photo in i t i a tors of the hydroxy al kylphenone type 

* and R 4 are C , . , 2 - 3 1 k * 1 ' R$ is 0H) and th€ "' n ° alkyl " 
enone type (R S is, if appropriate, also alkylsubs t i tuted 
-ino), and in addition coreactive derivatives of benzoin 
ethers ( R " is phenyl, R 4 is H, 0,-u-alkyl or phenyl, R 
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("i-^" 31 ** 0 *^' benzit - '< e t a I s ( R 5 *s phenyl, R and a 5 
<jr: alkoty) and d i a I *< o x y a c e t oo h en o n e s (R^ is H, 

t 5 

C;_;^-al<yl, R and R are C^.^-alkoxy). 

Besides the functional i ; a t i o n of conventional 
..ho:: in it iators which are commerc i al I y available or can 
be preoared by known methods, particular iooortance is 
attached in the preparation of compounds of the foraula II, 
i:: ^articular in the preferred hydroxyalkylphenone and 
ja • • <a I ky Iphenone derivatives, to the preparation froo 
appropriately substituted precursors on which the photo- 
initiators are based, an analogous procedure to aethods 
y\ : ch are known for this purpose being followed. These 
«.::■ ds are described in detail, for exaople, in Geraan 
uf ; ?nLegungsschr i f t 2,722,264 and European Of f enlegungs- 
schii^t 3,002. Coreactive hydroxyalkylphenone derivatives 
c«:n oe obtained, for exaople froa suitable phenyl deriva- 
tive^ which already contain the spacer group A and the 

actional group RG or appropriate precursors, by carrying 
*: a Fr iedel-Craf ts acylation using an appropriate acyl 
»alide in order to introduce the active pho to i n i t i a tor 
structure or a precursor thereof. Phenyl derivatives which 
can be eoployed as suitable starting oaterials are, for 
exaople, phenol, phenyl thiol, phenoxyac e t i c acid and aor.o- 
ar oolyethoxylated phenol, such as 2-hydroxye thy I phenyl 
»ther. For the Fr iedel-Craf ts acylation, it is advisable 
: i so-i? cases to protect the teroinal functional groups by 
suitable protecting groups which can be reaoved later, 
such as by acylation in the case of the OH group. Aniline 
derivatives can be acylated under Vilsoeier conditions, 

ir eTaople using H,M-d ioe thy I i sobu t y rao i de and phosphorus 
:t/c Uor ide. 

In order tc produce the active pho to in i t i a tor 
structure of the hydroxyalkyl phenone type, an acylation 

ar. be carried out, for exaeole, using isobutyryl halide or 
i -hloroisobutyryl halide and subsequently introducing the 
r -cxyl, alkoxy or alkanoyloxy group. Thus, for exaaole, 
■: -iec.l-Crafts acylation of acylated 2-hydroxye thy I phenyl 
vr using isobutyryl chloride. and subsequent broaination 
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-f hydrolysis on the cert iary carbon atom leads to the 
■noou.id H-(2-hvcrcxy»:hoiy)ohenyl 2 - h y d r o x y -2 -p r oo y I 



0 CH- 



HO-C-i 2 CK 2 -0- 



>C-C-OH 



ilia) 



The coaoound I I a , which has already been described 
. ■* * se and as a photoinitiator for aqueous systems in 
Ceraan 0 f f en I egung s s c h r i f t 3,512,179 is of central import- 
ant 'ere since, due to the terminal OH group-, it is cap- 
able, on the one hand, of coreactivity in the sense of 
:hr -nvention, but, on the other hand, can also serve as 
an intermediate for a large nuober of further coreactive 
choto initiators which are derived from this and which con- 
*an other functional groups. 

This compound is also especially suitable as a 
. : reactive photoinitiator in hybrid binder systems. Such 
,ys:ens viry generally contain at least one theraocuring 
cossonent and one pho t oe hem i c a 1 1 y curing cooponent. The 
theraocuring cooponent is normally a two or nut t i cooponen t 
reaction resin, preferably of the pol yol /poly isocyana te 
tyoe. Suitable pho to c h en i c a 1 I y curing components are all 
^cr.omeric, oligomeric or oolyoeric unsaturated compounds 
viiich are conventional for this purpose, and combinations 
:hor<of, whose polymerization or crosslinking takes place 
through the influence of high-energy irradiation and with 
the aid of the photoinitiator. Such hybrid systems can be 
obtained by mixing all the components, the isocyanate com- 
^.or.eiit, as usua' for pol yure thane-form i ng reactive resins, 
xaediently not being added until just before use in orde:* 
:o c:vent ;renoture curing of the t he r oo polymer i z i ng 
■jiicnent. Coatings produced using such hybrid systems are 
:red by Initially irradiating them in a fashion which is 
:c-ventional for radiation-curing systems, rapid surface 
J -ving and curing of the coating being achieved. The fully 
•jreC state is reached after completion of the thermal 
ct ion, which can also be accelerated by applying heat. 
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* h : advantage of these systems over slow-drying systems on 
j :jr?» y thermal reactive resin basis is the considerable 
moving in ri.-ne and energy; the coated articles can be 
s :j:'.ed ' r. .n e u i a t e I y or further processed sore quickly. 
5 The advantage of the coreactive onotoin i t iators 

3 - cording to the invention, such as compound I I a , on use in 
S( ^rid binder systems is that, in contrast to conventional 
ohc.oinit iators, virtually no photoinitiator residues or 
oncolysis oroducts thereof can be detected in the fully 
TO cured polymer material, as shown by extraction experiments. 
Accordingly, the polyoer products exhibit a relatively high 
f i nal " hardnes s • Adverse effects due to the initiator such 
as, for example, odour or yellowing, are not observed. Due 
? : *he coreactive OH group, the pho to i n i t i a tor according to 
1* tne invention is incorporated covalently into the polyoer 
material through reaction with equivalent amounts of the 
ii'tyanate component of the thermally curing component in 
C:e hybrid binder systea. 

Compound I la can also be fixed covalently in both 
"0 ojr^ly radiation-curable systems and in hybrid systems 

through es t e r i f i c a t i on by means of carboxylic acid group- 
containing components. Examples of such components are, 
for example, tereohthalic acid, pyromellitic acid and 
anhydrides thereof, and oligomers or polymers which are 
25 derived from these compounds and contain at least one free 
carboxylic acid function. 

Coreactive pho to i n i t i a tcr s according to the 
invention which are derived from compound Ila are, for 
example: 

r-j . 4-C2-(ox iranylmethoxy )ethoxy jphenyl 2-hydroxy-2- 

oropyl ketone 

O O CH3 

CH 2 -CH-CH 2 -0-CH 2 CH 2 -0-f Vc-C-OH (lib) 

--C<i-aUyloxyethoiy)phenyl 2-hydroxy-2-propyl ketone 

O CH- 

y -c-c-oh (ire) 
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--C2-(5-cr iethoxys ilylDroooxy)ethoxy]phenyl 2-hydroxy-2- 
o rov v I ketone 

0 CH- 
Vc-C-OH (I Id) 
CH-j 

i-< 2-an inoethoxy ) phenyl 2-hydroxy-2-p rocy I ketone 

0 CH 3 

K 2 N-CH 2 CH 2 -0- -C-C-OH (lie) 

CH^ 

-(2-az idoethoxy >phenyl 2-hydroxy-2-prooy I ketone 

O CH- 

N 3 -CH 2 CH 2 -O.^J-C.C-OH ("« 

CH^ 

The compounds lib and He can be obtained from Ha 
through reaction with ep i chlorohydr i n or allyl broaide. 
Coapound lid can be obtained froo lie through subsequent 
reaction with tr ie thoxys i I an*. 

Coapound He can be prepared, for exaeple, by 
hydrogena t ion of II*. 

Coapound Ilf is obtained by reacting the p- 
v'.uenesuUonat? of Ila with sodiua azide. 

The epoxy-f unc t ional i zed pho to i n i t i a tor lib can 
advantageously be eoployed, in particular, in hybrid binder 
systeas whose theroocur abl e coaponent is a reactive resin 
of the eooxy type. Oue to the epoxy function, lib or its 
ohotolysis products are bound virtually coooletely into the 
. xy oolyoer of the binder systea. 
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The ohoto ini t iator Lie which is functional i zed with 
j<- jr. saturated co.uoor.?nt can be coool/ merited with unsatu- 
-j.-c co-fioonents of any r ad i a : i on -c ur ab I e compositions. It 
t j n ol so be thermally polymerized itself. The resultant 
; j * .-n e r : c ohoco in i t i a :or can be added to radiation-curable 
o too s i t i ons , where it remains a i gr a t i on - r e s i s t an t , due to 
:ti rolyraeric character. It can also be initially applied 
on. v <i s a polymeric initiator coat ing to a substrate. A 
one - curable paint coating which is applied on too and 
which does not require any further addition of initiator 
can then be cured with excellent substrate adhesion. 

The silyl-funct ional ized initiator 1 1 d can be 
employed in an analogous fashion, its use bringing 
advantages primarily in the coating of inorganic substrates 
such as aetals, glass or other silicate materials, due to 
:f*e adhes ion- ioorov i ng silyl groups. 

Compound lie can be employed analogously to Ila; 
:o.:ocund Ilf is highly reactive due to the *zido group and 
s capable, for example, of insertion react .ons. 

The carboxylic ac id- f unc t ion.il i zed photo in i t i a tor 
hydroxycarbony I ae thoxy ) phenyl 2-hydroxy-2 -propyl ketone 

0 

Vc-C-OH ("9) 

allows fixing by reactions which are typical of carboxylic 
acids such as salt formation, es ter i f i c a t ion, acid amide 
foraation etc. Fixing by e s t er i f i c a t i on with mac romo I ecu I a r 
oolyhydroxyl compounds, such as cellulose and related 
materials is particularly important. 

In materials which have been modified in this 
fashion, a very high initiator concentration is achieved 
at the surface which is very advantageous for subsequent 
'ether modification using pho topolymer i z abt e materials, 
,L^h as in ohoto i n i t i a t ed grafting of monomers 
' * oho t og r a f t :ng" ) . 

The following coreactive oho t o i n i t i a tor s can be 
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j - soared in an analogous fashion and can be used Like the 
ibr/ement toned comoounds : 

yloxyohenyl 2-hydro<y-2-propyl ketone 



O CH- 

CH 2 =CH-CH 2 -0-^-C-C-OH (IIhJ 

S i-oi iranylaethoryohenyl 2-hydroxy-2-oroDy I ketone 

O CH 

—2-°- W ( , n , 

CH 3 

^-C3-<trietho*ysilyl ) pr opoxy Jo hen y I 2-hydroxy-2-propy I 
ketone 

O CH- 



/ \ j-\ - i 3 

CH--CH-CH--0-f V-C-C-CH 



( C 2 H 5 0 ) 3 Si- ( CH 2 ) 3 -0- -C-C-OH 



CH 3 

--c2-(3-trietr-.oxysUylprooylthio>ethy(.Jphenyl 2-hydroxy-2- 
orooyl ketone 

O CH 3 

(C 2 H s O) 3 Si-(CH 2 ) 3 -S-(CH 2 ) 2 -^^ -C-C-OH 

_ CH 3 (Ilk) 



^-(2-chloroe thoxy )ohenyl 2 -hydro xy -2 -propy L ketone 



it i J 



Vc-C-OH 

I (III) 



CH3 

15 4-Ccx i r any Laethoxyc a rbonylae thoxy ) phenyl 2-hydroxy-2 -propyl 
k ? tone 

O O O CH- 

/ \ " J-\ " H 

CH 2 -CH-CH 2 -O-C -CH 2 -0-f M-C-C-OH 

I <IIa) 

CT 3 
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c-ot i rany Laethoxyoheny I a- i soo rooo x yben z y I ketone 

/°v 0 O-CH(CH-), 

CH 2 -CH-CH 2 -0- {J-C-CR.^J {Un) 

c -C 5 - ( t r ieti;oxys Uyl )oroooxy ]oheny I a - isooroooxybeoiyl 
'x i rone 

O 0-CH(CH 3 ) 2 



Vc-CH-/ J 



(IIo) 



4-ox irany laechoxyphenyl a,a-d iaethoxybenzyl ketone 
y°S^ 0 OCH 3 

4-t3-( triethoxys HyOoropoxylohenyl a,a-diaethoxybenzyl 

'< e t o n e 

0 OCR. 
it i -L 



( C 2 H 5 0 ) 3 S i - ( CH 2 ) 3 -O- -C-C- 



OCH 3 (II<j) 

<>-(2-isocyanatoethoxy)ohenyl 2-h>droxy-2-Dropy | . ketone 

O CH- 

0=C=N-CH--CH 9 -O-/ Vc-C-OH 

* \=/ I (Ilr) 

CH^ 
3 

4-(2-isoth iocyanatoe thoxy )ohenyl 2-hydroxy-2-propy I ketone 

0 CH3 

S=C=N-CH 2 -CH 2 .0- -C-C-OH ( £ £ $ ) 

•i-(2-hydroxy-2-aethylpropionyt)phenoxyacetaBi*de 
CH 3 0 



C\ (lit) 
Vo-CH^-CO-* 



*3 
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u-i : -hydro xy-Z-*e thy LDfOO i ony I ) o h eno x y a c e t o h y d r a t ide 
CH- 0 

Ho-C c-f3-0-CH 2 CO-NHNH 2 (!tu) 

CH 3 

N-C^-(2-hydPOxy-2-flethylDrooionyl JohenoxyacetyU- 
fiydroiy'. offline 

CH- 0 
tt 



1 jf" ™\ 
HO-C C- -O-CH 2 -C0-NH0H 



. . . (IIv> 

I 

CH- 



N-C4-(2-hydroxy-2-*ethylpropiony I )pheno xy acetyl} -N'- 
acryloylhydraz ine 
CH- O 

RO-C C- / y -0-CH 2 -CO-NHNH-CO-CH=CH 2 ^ ^ 

4-isocyanatoaethoxyphenyl 2-hydroxy-2-propyl ketone 

O CH- 

0=C=H-CH 2 -0-^- C-C-OH (iix) 

CH3 

vinyl 4-(Z-hydroxy-2-methylpropionyl)phcnoxyacecate 



CELj 0 

)-C C- -O-CH 2 -C0-O-GH=CH2 



HO-C C- { 7 -O-CH 2 -C0-O-CH=CH 2 (u y ) 

Compounds of the si^foraula in 

O 

« — QfiQ— >' 

s 

laving the aboveaen t i oned oeanings for the respective 
:ub^ituents represent the likewise particularly preferred 
coreactWe photo in i t i a tor s of the thioxanthone type. 
Starting aaterial 



,ls for these are coaaercially 
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t - (2-h, rroxy-2-aethylorooionyl )oheno«yJC9tohydraj : d * 
CH- 0 



HO-C C- ^^-0-CH 2 CO-NHNK- 



_ _ ( I lu) 

CH 3 

N-C^-(2-hydroxy-c-!8ethylorooionyL)oheno»yacetyl]- 
nydroxylaoine 

CH* O 

ho-c — 0/ y-o- 



- ^ ^ -0-CH 2 -CO-NHOH 



(IIv) 



N-C4-(2-hydroxy-2-oe thyLprop iony I >phenoxyacetyl]-N f 
acryloylhydra* ine 
CH- O 

HO-C C- / y -0-CH 2 -CO-NHNH-CO-CH=CH 2 ^ 

CH-j 

t- isocyanatoaethoxrphenyl 2 -hydroxy-2-p ropy I ketone 

0 CH 



*3 

0=C=N-CH o -0-f N >- C-C-OH 

CH 



| ( I I x ) 



*3 

v myl 4-<?.-hydro*y-2-aethyLoropiony I >ohenoxyacetate 
CH^ 0 

HO-C C- -O-CE^CO-O-CH^C^ ( x Iy) 

CH^ 

C COP *v* ^ ds of the subforaula II? 

O 

- — Oft}—* 2 

s 

15 .laving the aboveaent ioned meanings for the respective 

s-jbstitu-nts represent the likewise particularly preferred 
cor-active photo in i t i a tor s of the thioxanthone type. 

Starting .aterials for these are commercially 
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available t h i o x an t hone oho t o i n i c i a cor s , or derivatives 
thereof, which are oredestined for sioole introduction of 
the soacer grouo A and functional groups RG. Particularly 
suitJble such starting materials are 2-chlorothioxanthone 
5 jnd 2 -hydroxy th ioxant hone . 

The hydroxyl-functionalized ohoto initiator 
2-(2-hydroxyethylthio)thioxanthone (Ilia) 
is obtained by reacting 2-chlorothioxanthone with, for 
exaoole, 2 -rae r c ap toe t h anol . 
10 The as i no- f unc t i ona I i zed pho t o i n i t i a t o r 

2-(2-aninoethylthio)thioxarthone (Illb) 
can be obtained in a sioilar fashion. 

8oth coapounds can be eaployed entirely analogously 
to compound 1 1 a as coreactive pho to i n i t i a t ors , in par- 
15 ticular also in hybrid binder systems. 

Coapounds Ilia and Illb, likewise entirely 
analogously to coapounds Ha, can also in turn serve as the 
starting oaterial for further coreactive pho to i n i t i a tor s 
having other functional groups. Thus, the pho to i n i t i a tor s 
20 2-C2-(acryloyloxy)ethylthic]thioxanthone < 1 1 1 c ) 

2-C2-( aery loylaaino) ethyl thiolthioxanthone (Hid) 
2-C2-C a I lyloxy)ethyl th io3 th i ox ant hone ( 1 1 le) and 
2-C2-(allylaaino)ethylthio]thioxanthone (IHf) 
which are f unc t i ona I i z ad by an unsaturated group can be 
25 obtained, for example, through reaction with acrylyl 
chloride or allyl bromide. 

These coapounds are highly suitable as photo- 
initiators which can be c opol yaer i zed with unsaturated 
coaponents of radiation-curable coapos i t i ons . However, they 
30 can also be theraally polymerized by themselves and used as 
nM vnpr i e p h n fn i p , i f i a t o r s as describeo for coapoun d He. 

(Tsocyanate-func t ional ized pho to i n i t i a tori ) such as, 
for example 

2-C2-C 6- isocy ana tohexy I am i noc arbony loxy ) e t hoxy 3 thioxanthone 
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O 



O 



it 



0=C r - ( CH, ) s -MH-C -0-CH 2 CK 2 -O- 




< I ■ E g ) 



cjn oe obtained by reacting ilij with an ?au i va'.ent amount 
or j di'rocyanate. Covalent binding into the radiation- 
curable oolyoer system can take place through reaction of 
the isocyanate group with OH grouos of the cooponents. Use 
in hybrid binder systems which contain, as t hermocurabl e 
component, a oo I yure t h ane - f o rm i ng reactive systes is par- 
ticularly favourable. The isocyanate-functionalized 
photo initiator can be nixed here with the isocyanate 
hardener of the reactive resin component, and this mixture 
can be used, as it were, as a "hybrid hardener". 



corresponding compounds of the subfornula II, epoxy-, silyl- 
and carboxylic a c i d- f unc t i ona I i z ed thioxanthone derivatives 
can be obtained and correspondingly employed, such as, for 
example, the compounds 

2-(oxiranylraethoxy)thioxanthone ( r . 1 1 h ) and 
2-C3-(triethoxysilyl )propoxy]thioxanthone < III i ) - 
Exaciole 1 

4-(2-Hydroxyethoxy)phenyl 2-hydroxy -2 -propyl ketone (Ila) 
a) 336 g (3.2 mol) of isobutyryl chloride are added 

dropwise over the course of 40 minutes while stirring to 
880 g (8.8 aol) of anhydrous aluminium chloride in 480 
ml of dichloroaethane at -5 to 0°C. 540 g (3.0 mol) of 
2-phenoxyethyL acetate are then added dropwise over the 
course of 2 hours at the same temperature. The reaction 
mixture is stirred for a further 2 hours at the stated 
temperature and then poured into a mixture of 1.8 I of 
concentrated hydrochloric acid and 5 kg of ice. The 
organic phase is separated off and the aqueous Icyer is 
extracted with d i c h I orome t hane . The combined organic 
phases are washed with water, dried and evaporated, 
jnd the residue is distilled in vacuo. 740 g of 4-(2- 
acetoxye thoxy )phenyl -2-prooyl ketone of boiling point 



In an analogous fashion, as described for the 
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1 C5 - 1 52°C /0 . 3 -0 . 5 ;orr are obtained. 
b> 205 g (1-0 »ol) of 4 - ( Z- a c a t o * y e t ho »y ) oheny I 2-prooyl 
ketone are dissolved in 200 ml of glacial acetic acid, 
and 192 g (1.2 mol) of bromine are added over the course 
of 2 hours with stirring at 25°C. The mixture is then 
stirred for about a further 10 hours and then poured 
into 3 I of ice water. The product is extracted with 
ethyl acetate. The combined extracts are dried, and 
365 g of a viscous oil are obtained by evaporation. This 
oil is dissolved in 1 I of ethanol, and 380 g of 322 
strength sodiuo hydroxide solution are added over the 
course of 20 minutes with stirring at 25°C. The aixture 
is stirred for a further 10 minutes and the ethanol is 
then removed. The oily residue is trar$ V-red into 3 I 
of ice water, and this mixture is exr ■ •• : repeated 1 ./ 
with a total of 1.5 I of ethyl acetate. An r drying, 
filtering and evaporating the solution. ZjO g of an oily 
crude product are isolated. Through recrystall ization 
froo acetone/petroleum ether and/or chromatographic 
purification, 145 g of 4-( 2-hydroxye thoxy )phenyl 2- 
hydroxy-2-prooy I ketone are obtained in the form of a 
colourless solid of melting point 88-90°C. 
Example 2 

4-(2-al lyloxyethoxy )phenyl 2-hydrox y-2-propy I ketone (lie) 

26.8 g (0.22 mol) of allyl bromide and 1-8 g of 
methyl trioctylaaaonium chloride as phase-transfer catalyst 
are added to a aixture of 44.9 g (0.2 ool) of Ila and 8.8 g 
(0.22 mol) of granulated sodiuo hydroxide in 300 ml of 
toluene, and the mixture is stirred for 20 hours at 50 C 
The aixture is then extracted with toluene. Conventional 
work-up and chromatographic purification give 28.5 g of the 
analytically pure compound lie. 
Example 3 

4-C2-(0xiranylmethoxy)ethoxy]phenyl 2-hydroxy-2- 

prooyl ketone (lib) 

Through reaction analogously to example 2, but 
using ep ichlorohydr in, corapound lib is obtained. 



Best Available Copy 



- 28 - 

C i jaol e 4 

" 4-T2 (5-Tr iethoxys ityloroooxy )etho«y lohenyl 2- 
/-2-proo/l ketone (lid) 

S.3 g (0.02 mol> of compound lie, 4.9 g (0.03 aol ) 
- c f . r .-o : hoiysiUn? and 20 mg of platinum catalyst (noroor- 

nene - jcetylace tona t e complex) in 50 ml of methylene 
cMe-ice are refluxed for U hours under nitrogen. After 
evd.w.-Jtion of the mixture and chromatographic purification 
of v e residue, 3.4 g of the analytically pure compound lid 
i G are ^otained. 
£»- nole 5 

4- (hyaroxycarbonylmethoxy) phenyl 2 -hydro x y-2-p r opy I 
ketone (Ilg) 

612 g of compound Ilg of Belting point 131-134 C are 
IS ioc---ned analogously to Example 1 froa 931 g (5,6 «ol> of 
ae t h " I ahenoxyacetate by F r i edel -Crafts acylation using 
63? j <6 2 moD of isob«jtyryl chloride and subseouent 
brooination and hydrolysis. 
Example 6 

4- (2 -Hydroxy -2 -me thy I p rop iony I ) phenoxyac e t a« ide 

(lit) 

75.0 g of 252 strength ammonia are added dropwise 
with stirring to 25.2 g (0.1 «ol) of methyl 4-<2-hydroxy-2- 
*o C hyloropionyl)phenoxyacetate (obtained by esterifying 
25 compound Ilg using methanol) in 50 ml of dioxane. After 
being stirred for 2 hours, the mixture is evaporated to 
solidification. The crude product is r ec rys tall i zed from hot 
water, 22.1 g of coooound lit of melting point 139°C being 
ob t a ined. 

30 -x ample 7 

4-(2-Azidoethoxy)phenyl 2-hydroxy-2-propy I ketone 

. . ' f ) 

37.3 g (0.1 «ol) of 4- ( 2-p- tol y I s u I f ony I oxy e t ho x y ) - 
phenyl 2 -hydro xy-2-p ropy I Ketone (obtained by reacting 
35 conoound I la with p- to luenesul f ony I chloride) and 9.8 g 

{0.15 «ol) of sodium azide are stirred for one hour in 100 
- of 0F1S0 at 60°C. Through extractive work-up using water 
.,r.d ether or methyl t-butyl ether, 22.4 g ofcompound Ilf 
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i ? obtained js a oale yellow, readily mobile oil. iR: v 

* : t j " 1 < n 3 ) 
t < a n o -* 4 



- - A I I y I o x yph eny I 2 - h y d r a x y -2 -o r oo y I ketone (llh) 
■j. 6 g (0.22 aol) of sodium hydride (80Z strength in 
aar.;?T;n oil) are added in portions to 36.0 g (0.2 mol) of 
4 -hydro * ypheny I 2-hydrox y-2-prooy I ketone in 450 oil of 
d i a e t .V, * sulfoxide under an inert gas and the mixture is 
stir. I for 15 minutes at room t empera ture . 26.8 g (0.22 
ao . / of allyl brooide in 40 ml of dimethyl sulfoxide are 
then a'.'ded dropwise at 30-40°C, and the oixture is stirred 
fo<- r oinutes. The reaction mixture is poured into 2 I of 
wa:»; and then extracted with methyl t-butyl ether. By 
removing the solvent, 41.5 g of compound llh are obtained, 

Li:* pLe 9 

4-0xiranyloethoxy phenyl 2-hydroxy-2-propyl ketone 

(iii) 

Analogously to Example 3, 6.8 g of the analytically 
wompound Hi of melting point 54°C are obtained from 
.. .0 g (0.2 mol) of 4-hydr oxypheny I 2-hydrox y-2-p ropy I 
ketone and 19.0 g (0.2 mol) of ep i chlorohydr i n . 
Example 10 

4-C3-(Triethoxysilyl )propoxy ] -phenyl 2-hydroxy-2- 
prooy I ice tone ( 1 1 j ) 

Analogously to Example 4, 10.2 g of the analytic- 
ally pure compound Ilj are obtained from 14.3 g (0.065 aol) 
rf.llg and 16.0 g (0.0975 mol) of tr iethoxys i Lane. 
.-x ample 11 

2-(2-Hydroxye thy I th io) th i ox ant hone (Ilia) 
5.6 g (0.0225 aol) of 2-chloroth ioxanthone and 2.6 g 
(0.0225 mol) of the potassium salt of 2-mercaptoe thanol are 
stirred for -8 hours in 20 ml of N,N-d irae thy I ace tarn ide at 
100°C. The reaction mixture is then poured into 2N hydro- 
chl^r c acid and extracted with ethyl acetate. After con- 
ventional work-up and chromatographic pur i f i c a t ion, 3.5 g 
of the analytically pure compound Ilia of melting point 94 C 
j:j obtained. 
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*. tj.-n.-il e 12 

2-(2-A«ino9-.hylthio):nio»3nthooe '■ i i S 5 > 

17.0 g (0.15 ;nol> of e y s ce am i r> i uo chloride and 
-,9 3 „ (0.3 aol> of aotassiu* hydroxide are soiled for 3 
«. u ;\r. a water separator in 180 al of toluene. 2t.6 g (0.1 
,r-) vf 2-chlorothioxanthone and 180 A of diaethylarooyl- 

are added to the evaporated residue, and the ai«- 
tur - is stirred for 20 hours at 100°C. The reaction aixture 
is poured into 1 I of 2N hydrochloric acid and the aqueous 
phase is extracted with ethyl acetate. The aqueous ohase is 
tnen adjusted to pH 10 and extracted with ethyl acetate, 
work-up of the organic phase gives 2^.0 9 of the analyse- 
ally oure coapound Illb. 
E.a.-aule 13 

2-C2-(acryloyloxy)ethylthio]thio*anthone ( I He) 
6.8 g (0.075 aol) of acrylyl cn'.oride in 30 al of 
r-uene are added d-opwise with stirring to U.O g (0-05 
30 l) of coapound Ilia, 6.0 g of pyridine and 0.07 g of t- 
,ethoxyphenol in 150 al of toluene at -ooa teaperature. 
After stirring for 3 hours at 50*0, SCO .1 of water and 250 
cl of ethyl acetate are added to the aixture. Work-up o. the 
organic phase and chroaatograph ic purification give 5.0 g of 
the analytically pure coapound UIc of aelting point 68- 
71°C. 

Example 1» ,,,, A \ 
2-C2-(Acryloylaaino)ethylthio]thioxanthone (I lid) 

Analogously to Exaaple 10, 4.6 g of the analytic- 
ally pure coapound 1 1 Id of -elting point 161°C are ob- 
tained fro. H.S 9 C0.05 -ol) of coapound Illb and 5.0 g 
:0.OS5 aol) of acrylyl chloride. 

Exaaple 15 

Polyaeric photo in i t i a tor 

,8.6 g (0-05 aol) of 2-C2-(acryloylo«y)ethylthio]- 

firr») and 0 15 g of dibenzoyl peroxide are 
thioxanthone (Hie) ana u.u u „.,: r 
refluxed for 20 hours in 100 .1 of toluene. The polyene 
oroduct obtained is purified by reprec ip i tat ion froa 
ethylene chlor ide/n-hexane. A yellow aaorohous 
.ose average aolecular -eight is deterained at about ,200 
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-jeans of get -oermeac ion chromacograohy, »s obtained. 

E i aaol «1 16-21 below illustrate the use according 
ri invention of the coreac: ive oho to initiators in 

■~ id - : ;cn curing of ohotopolyraerizable binder systeos. 
■ o r : 6 

iybrid binder systeo 

-> hybrid binder system comprising 40.5 parts by 

\-?:f'^t of a hydroxyl group-containing polyacrylate/about 

(3) 

6SX -trength in butyl acetate/xylene (Desaophen** A 36 5, 
.Messrs. 8ayer AG ) , 17.0 parts by weight of an aliphatic 
pol y i socyana t e/abou t 75X strength in me t hox ypropy I 
fC?t.ne/xylene ( Desaodur® H 75, Messrs. Bayer AG), 30.0 
oarts oy weight of an acrylated polyurethane prepolyner 
(VPS 1748, Messrs, Oegussa AG), 20.0 parts by weight of 
fcexaiediol diacrylate, 7.S parts by weight of pentaery- 
C^ritol triacrylate and 5.0 parts by weight of the 
hyd r oxyl-functionalized photo initiator 1 1 a was prepared 
by .ix^rq ;he coaponents, the pol y i s oc y "»na t e not being 
a oed until just before use. 

The ready-to-use hybrid binder systeo was applied 
in a coating thickness of 50 ua using a spiral hand coater 
}r:o glass plates (10 x 10 c a ) . After a drying time of 
5 ainutes, the coatings were cured using a UV irradiator 
(Messrs. Beltron), through which the plates are fed on a 
conveyor belt at a belt speed between 2.5 and 40 o/ain 
under two Hg aed iua-pressure laaps of power 50 watt/ca 
*azh at a distance of 10 ca. 

At belt speeds between 2.5 and 15 a/nin, solid paint 
coatings with a dry surface were obtained ianediately. 

Theraal post-curing of the polyurethane reactive 
r?sin cooponent gave a final hardness of the coatings of: 

- for 20 hours/room teaperature: 1^8 seconds 

- /or 1 hour/60'C: 1 88 seconds 

- for 3 hours/60°C: 198 seconds 

(Konig pendulua hardness) 
After extraction of fully cured coating aaterial 
•i:h ace ton i tr i I e, the proportion of initiator which is not 
iound into the aaterial is deterained by aeans of high- 
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n e s s u r e Liquid chromatography at a maximum of 3 X of Che 
^"iginal anount employed. 

In an analogous fashion, equally good results are 
^ , : £ ; r ? u using initiators Ilia and 1Mb. 
£ < a n p I e 17 

UV-curable binder system 

2 UV-curable binder system comprising 60 parts by 
■eight f an acrylated polyurethane preoolymer (prepolymer 
''S.° ,/43„ Messrs. Oegussa AG), 40 parts by weight of 
.-.exanediol diacrylate, 15 parts by weight of pentaery- 
"hritol triacrylate and 5 parts by weight of the photo- 
initiator lie which is f unc t i ona I i zed with unsaturated 
g-cups, was processed analogously to Examples 16 to give 
50 ub thick coatings and cured at a belt speed of 10 m/oin. 
The fully cured coatings obtained are entirely free of 
odo'" and colourless. 

In an analogous fashion, equally good results are 
o t. . - using initiators Ilh and Illc-IIIf. 

Ex -pee 18 

UV-curable pigoented binder system 

30 parts by weight of titanium dioxide (anatase) 

were incorporated homogeneously into 60 parts by weight of 

(8) 

an acrylated epoxy prepolyoer (LafOiaer w P£ 55 F, Messrs. 
8AS? AG) and 40 parts by weight of hexanediol diacrylate. 

oarts by weight of the thioxanthone pho t o i n i t i a tor IIIc 
which is f unc t ionalized by unsaturated groups and 8 parts 
by weight of N-methyld iethanolao ine as cointtiator are 
subsequently stirred into the mixture. It was possible to 
lurden the paint, applied to glass plates in a coating 

hickness of 12 uu at belt speeds between 2.5 and 20 m/oin 
and an irradiation power of 120 W/co to «ive solid coatings 
having a dry surface. 

At a belt speed of 2.5 w«/«in„ the Konig pendulum 
hardness is 155 seconds. Paint films are odourless and 
yellow ing- f r ee . 
-T aacle 19 

On curing at 2.5 m/oin, the corresponding use of 
-•e rwdrcxyl-functionalized thioxanthone pho to i n i t i a tor Ilia 
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qjvff oaint coatings having a oendulua hardness of 1^9 
seconds - 
Exanote 20 

.'V - curable binder system 

;■. was possible to cure coatings of thickness 50 un 
with j vysten coaorising 75 parts by weight of ar. acrylated 
eooxy prepolytaer (Laromer®EA 81, Messrs- 3ASF AG) and 25 
Darts by weight of hexanediol diacrylate at a belt soeed of 
2.5 p/oin and an irradiation power of 80 W/co with initia- 
tion using 0.5X by weight of the thioxanthone derivative 

IU which is func t ionaL i zed by unsaturated groups and 2. OX 
b v weight of N-ne thyl d i e t hanol aa i ne to give paint coatings 
■-?/ing a penduluo hardness of 172 seconds. 
Example 21 

Coating curing using substrate-bound initiator 
A 251 strength ethanolic solution of the silyl- 
furct ional ized pho to i n i t i a t o r lid was whirler coated onto 
gU elates (5 x 5 cm), and the plates thus treated were 
h^ted for 30 minutes at 190°C. The plates were then rinsed 
vith acetone and coated with a aixture of 75 parts by weight 
of an acrylated epoxy prepolyner (larooer y EA 81, Messrs. 
8 ASF AG) and 25 parts by weight of hexanediol diacrylate. 
A'ter UV curing at 3.75 n/oin and an irradiation power of 
120 Y/ca and rinsing again with acetone, hard, very strongly 
adherent coatings of thickness 0.7-0.8 u« were obtained. 

Corresponding results are obtained using initiator 
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iaims de:ining the invention are as follows:- 



Use of compounds of the foraula I, 
RG-A-IN (I) 
in which q 



-C-R 

5 :n is a photoini tiator basic structure 



where 

.R 2 o 



R 1 

and 



~{^f ' • " Cr3r4r5 or -P(R 6 ) r 



R 1 is H, CT-^-alkyl, halogen or the RG-A- group, 
or two R 1 radicals in the ortho position 
to the carbonyi. group together are 
alternatively -S-, 
R 2 is H, halogen, C^^-aUyl or Ci-12-alkoxy or 

the RG-A- group, 
r 3 , R 4 in each case independently of one another 
are H, C^^-aUyl, C ,.^-aUenyl , C^^- 
alkoxy or phenyl, or together are C 2 - 6 - 
alkylene, 

^ 5 ^ OR 7 , M(R 7 ) 2 . -^^ H - E '~\^J° or S0 2 R? ' 

23 R & !! C^-alkyl, C^-alkanoyl, phenyl or benzoyl, 

each of which is optionally substituted 
by halogen, C^-alkyl or Z^ 6 -^ox Yr 
R 7 is H, C^o-alkyl or C i _ 6 -alkanoyl , 
is a spacer group ZC<CH 2 > 0 *3«-" CM 2 , - Xl I 

r^and I , in each case independently of one 
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jno:her, are a s ingl? bond -0-, -S-, -NH-, 
-CO-, -C00-, -CONH-, -0-CO-, -flH-CO- or 
- NH - COO- , 
\ jnd a are :fie numbers • to ^ , 
•i and o are the numbers 0 to ^ 

is one of the functional reactive groups HO-, HS-, 
H 2 N - , halogen, HO-CO-, H 2 N-C0-, 0=C=N-, S=C=N-, N3-, 
SO3H, S0 2 CI; R c R b C=CR a - where R a , R b and R c are in 
each case H or CH3, and with the proviso that I is 
iq not -COO- when n is 0 and R 5 is OR 7 ; RG is 

furthermore halogen, cyclooropyl, oxiranyl, 
0 = C=N-R d where R d is C j -$-a I k y I ene or phenylene, 
N*-^^-, (R e ) 3 Si where R e is halogen, C^^-aUyl, 
C 1 . l 2-alkoxy or C _ j 2 -a I k anoy I ox y 
15 as :oreactive piio to i n i t i a to r s for pho topol yme r i za t ion of 
systems containing ethyl en ically unsaturated compounds. 
2. Use of the compounds of the general formula I 

according to Claim 1 together with known pho t o i n i t i a t 0 r s 
a^d/or sensitizers. 
2Q 3< Ur#e according to Claim 1 in radiation curing of 

-oatings containing UV-curable paint and binder systems. 

4. Use according to Claim 1 in radiation curing of 
hybrid binder systems. 

5. Process for photopol ymer i :a t ion of systems con- 

25 taining ethyl en ically unsaturated compounds, char ac ter 1 red 
in that at least one compound of the formula I is added as 
a coreactive pho to in i t i a tor to the mixture to be poly- 
merized before initiation of the pho t opo I ymer i z a t i on . 

6. Process according to Claim 5, characterized in that 
30 0.1 to 20X by weight of a compound of the formula I are 

added to the mixture to be polymerized before initiation of 
fie ohotooolyaer izat ion. 

7. Photopolyaer izable systeas containing at least one 
.thylenically unsaturated, photopolymer i zable co-pound and, 

55 if appropriate, further known and conventional additives, 
characterized in that they contain at least one compound 
of the foraula I as a coreactive photo i n i t i a tor . 
3. Hybrid binder syste-s, characterized in that they 
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contain at lease one compound of the foroula I as a 
CO rejc:ive ohotoinitiacor. 

9 ?ho tooolymer i lable systems according to Claims 7 

jnd 3, cnarac ter i zed in that they contain O.i to 20Z by 
weight of a compound of the formula I. 

use of coooounds of the foroula I as synthesis 
intermediates in the preparation of f ur ther- f unc t ional i zed 
oho to in i t ia tors and of radiation-reactive systems having 
covalently bound pho to i n i t i a tor s . 
n. The compounds of the foroula I 

4-C2-(oxiranylaethoxy)ethoxy]phenyl 2 -hydro xy-2 -propyl 
ketone 

4-(2-allylox ye thoxy) phenyl 2-hydroxy-2 -propyl ketone 
4-C2-(3-triethoxys i lylpropoxy )e thoxy ] phenyl 2-hydroxy-2- 
propyl ketone 

4-<2-az i doe thoxy) phenyl 2-hydroxy-2 -propyl ketone 

4-(hydroxycarbonylaethoxy )phenyl 2-hydroxy-2 -propyl ketone 

4-al lyloxyphenyl 2-hydroxy-2 -propyl ketone 

i-oxiranyloethoxyphenyl 2-hydroxy-Z-prooy I ketone 

' -C3-( tr iethoxys il yl )oropoxy]phenyl 2-hydroxy-2-propyl 

ketone 

4-[2-(3-triethoxys i I y Ipropy I th io > e thy I ]pheny I 2-hydroxy-2- 
oropyl ketone 

4-(2- c hloroethoxy)phenyl ( 2 -hydrox y-2-prooy I > ketone 

4- (ox ir any I me thoxy c a rbony I me thoxy ) phenyl 2-hydroxy-2-P rooy I 

ketone 

4-ox iranylaethoxyphenyl a- i sopropo xybenzy I ketone 
4-C3-< triethoxysilyl > propoxy ]pheny I a- i sopropoxybency I 
ketone 

4-oxiranyl«ethoxyphenyl a,a-d ioe thoxybenry I ketone 
4-C3-(triethoxysUyl)oroooxy]phenyl-a^o-di(aethoxybenzyl 

c e t o n e 

4-(2-isocyanatoethoxy)phenyl 2-hydroxy-2-propyl ketone 
4-(2-isothiocyanatoethoxy)phenyl 2-hydro xy-2 -propyl ketone 
4-(2-hydroxy-2-aethylprqpionyl )phenoxyacetaaide 
4-(2-hydroxy-2-methylpropionyL)phenoxyacetohydrajide 

N-C4-(2-hydroxy-2-oethylprop ionyl )phenoxyacetyl ]~ 

hydroxylaaine 
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S- [ 4- ( 2-hydroxy-2-methy lpropiony 1 ) phenoxyacetyl ] -N * - 
acryloy lhydraz in* 

4-isocyanatomethoxyphenyl 2 -hydroxy-2 -propyl ketone 
vinyl ;-(2-hydroxy-2-methylpropionyl) phenoxyacetate 
2- { 2-hydroxyethylthio) thioxanthone 
2- ( 2-aminoethylthio) thioxanthone 
2-[2-(acryloyloxy) ethyl tbio] thioxanthone 
2-[2-<acryloylaaino> ethylthio] thioxanthone 
2-[2-(allyloxy) ethylthio] thioxanthone 
2-[2-{allylamino) ethylthio] thioxanthone 

2-(2-(6-isocyanatohexylaminocarbonyloxy ) ethoxy] thioxanthone 
2-(oxiranylmethoxy; thioxanthone 
2-[3-(triethoxysilyl) propoxyj thioxanthone 

12. A method for photopolymerization of systems containing 
ethylenically unsaturated compounds, comprising conducting said 
photopolymerization with coreactive photoinitiators of the formula I shown 
in claim 1. 

13. The compounds of formula I as shown in claim 1, said compounds 
sybstantially as herein described with reference to any one of Examples 1 
to 14. 

14. Binder systems substantially as herein described with reference 
to any one of Examples 16 to 21. 
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Abstract of the Disclosure 
Compounds of the formula t 

RG-A- IH - (I) 

where 

IN is a pho t o i n i t i a t or basic structure 

A is a spacer grouD and 

RG is a functional reactive group 

and have the meanings given for these groups 
in the main claim, 
can be enployed as coreactive pho t o i n i t i a t or s for photo 
polymer i fat ion of systems containing ethylen ical ly 
unsaturated coapounds. 
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